Biochemical
and histochemical studies have shown the presence ofvanious carbohydrates in enamel. Using lectin-gold cytochemistry,
we have examined the distribution of glycoconjugates containing N-acetyl-D-galactosamine (GalNAc) and/or N-acetyl-glucosamine (GlcNAc)/N-acetyl-neuraminic acid (NeuNAc) residues in rat incisor ameloblasts and in forming and maturing enamel embedded in Lowiayl K4M, LR Gold, and LR White resins. The enamel proteins that contain these carbohydrate moieties were further characterized by lectin blotting.
All three resins allowed, albeit to a variable degree, detection of the binding sites for Helix pomatia agglutinin (HPA) and wheat germ agglutinin (WGA) GalNAc, and GlcNAc/NeuNAc, respectively. In general,
Introduction
Carbohydrates and mucopolysacchanides have been detected histochemically in the enamel matrix (Goldberg and Septien, 1986; Nakata et al., 1982; Glimchen et al., 1964; Engel, 1948 growth sites of enamel. Lectin blotting showed that several proteins in the amelogenin group were glycosylated and contamed the sugars GalNAc and GlcNAc/NeuNAc. Fewer proteins were stained by HPA than by WGA, and the staining pattern suggested that the extracellular proteins recognized by these two lectins are processed differently.
The HPAreactive proteins were lost by or during the early maturation stage, whereas many ofthe WGA-reactive proteins persisted into the mid maturation stage.
The heterogeneous staining of certain protein bands observed with WGA suggests that they contain more than one component. Two distinct glycoproteins containing GlcNAc/NcuNAc also appeared during the maturation stage.
These results are consistent with the notion that ameloblasts produce an extracellular matrix composed mainly ofglycosylated amelogenins which are differently processed throughout amelogenesis. Rat incisor.
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sugar residues (Belcount et al., 1982; Elwood and Apostolopoulos, 1975; Seyen and Glimcher, 1969; Glimcher and Levine, 1966; Clark et al., 1965; Burgess et al., 1960) . Ameloblasts from both these stages have been found to incorporate radiolabeled sugars and to secrete glycosylated products (Josephsen and Wanshawsky, 1982; Bennett et al., 1981; Warshawsky, 1979; Weinstock and Leblond, 1971 ).
More recently, biochemical analysis of extracted enamel proteins (EP) has revealed that both amelogenins and enamelins contain various carbohydrate residues, including galactosamine and glucosamine (Menanteau et al., 1988; Termine et al., 1980) . Radiolabeled glucosamine was also shown to be incorporated into both low and high molecular weight EP produced by tooth organs in vitro (Guenthen et al., 1977) . Furthermore, the amino acid sequence of bovine amelogenin, inferred from its cDNA, contains sites for both Nlinked and 0-linked glycosylation (Shimokawa et al., 1987) .
Post-translational modifications [reviewed by Fanquhar (1985) ], teau et al., 1988; Fincham and Belcourt, 1985; Termine et al., 1980) .
In this study we have examined, using high-resolution 1cctin-gold cytochemistry (Roth, 1983) , the distribution of glycoconjugates containing N-acetyl-D-galactosamine (GalNAc) and Nacetyl-glucosamine (GlcNAc)/N-acetyl-neuraminic acid (NeuNAc) in rat incisor secretory and maturation stage ameloblasts and enamel. To minimize the possibility ofalteration of binding sites by the resin, the tissues were embedded in various acrylic resins (Lowicryl K4M, LR Gold and LR White) known to permit lectin binding in mammalian tissues (Herken et al., 1988; Ellinger and Pavelka, 1985; Roth, 1983 (Bcndayan et al., 1987; Newman et al., 1983) .
Thin sections (gold interference color) ofthe tissues embedded in these resins were cut with a diamond knife, recovered on Formvar-carbon-coated nickel grids, and processed for lectin cytochemistry.
Lectin Preparation
The lectins and ovomucoid were complexed to colloidal gold of approximately is nm (Bendayan, 1984; Frens, 1973) as described by Roth (1983) and Roth et al. (1983) 
SDS-PAGE and Lectin Blotting
Tissue samples for lectin blotting were prepared and processed as described by Smith et al. (1989) . Briefly, the mandibles were dissected, the incisors were exposed, and the enamel organs and associated connective tissue were wiped from theirlabial surfaces. Sequential 2-mm strips ofenamel representing the early and late secretory stage and the early and late (3-mm) maturation stage were dissected, using as a reference a line passing between the first and second molars (Smith and Nanci, 1989a The enamel at the interrod and rod growth sites was more intensely labeled than that further away from the ameloblasts ( Figure  9A ). In some cases, the gold particles appeared to delineate the organic :.
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.. .,jf_.J#{149} WGA binding sites are revealed using 15-nm ovomucoid-gold and amelogenin antigenic sites with 5-nm protein A-gold.
Both binding sites co-localize over secretory granules (arrowhead) within the process and the enamel surrounding it. Secretory granules exclusively labeled by WGA or anti-amelogenin are also observed, raising the possibility ofthe presence of subpopulation of granules. The co-localization ofthe immuno-and cytochemical labelings indicates that EP contain GIcNAc and/or NeuNAc residues. Original magnification x 27,000. Bar = 0.25 pm. and labeled with WGA. The enamel at the rod growth site (arrows) shows more intense labeling than that situated farther away from the ameloblasts (A). This labeling is reduced when control seetions are incubated with WGA in the presence of the competing saccharides GlcNAc and NeuNAc(B).
TP, Tomes' process. Original magnification
x 12,000. Bars = 0.5 pm. ..
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Ers AMEL ,.. paper for lectin blotting. Ponceau S staining before lectin blotting reveals that the proteins electrotransferred onto nitrocellulose paper (A) are localized between approximately 10-32 KD, a MW range similar to that previously reported for rat incisor EP simMarly extracted and stained with silver (Nanci et al., 1989; Smith et al., 1989) . Many oftheproteins between approximately 14-32 KD are also recognized by an anti-amelogenin antibody (Nanci et al., 1989) . Incubation with HPA (B) reveals that most of the HPA-reactive proteins are situated between approximately 14-22 KD.
Some faintly stained proteins are also seen between 26-32 KD. Staining intensity diminishes by the early maturation stage and in the mid maturation stage no bands are discernible.
Staining is reduced when incubation is performed with the lectin in the presence of the competing saccharide GalNAc (C).
Incubation
with WGA(D) shows several WGA-reactive proteins between approximately 14-22 KD and 26-32 KD. Some proteins, such as those near 28 KD (arrow), are heterogeneously stained and appear to contam more than one component.
In the mid maturation stage, the bands situated between 26-32 KD diminish significantly in staining.
The major WGA-reactive proteins in this region are situated near 18 and 22 KD. Two glycoproteins, not revealed in sam-pIes from earlier time points, are now clearly distinguishable near and above 32 KD (arrowheads).
Staining is significantly reduced when blots are incubated with the lectin in the presence of the competing saccharide GIcNAc(E).
Apprtaamate position ofthe MW markers is indicated at left of figure. ure 14B). In the early maturation stage, all of the above proteins appeared faintly reactive, and in mid maturation no bands were discernible ( Figure  14B ). Blots of enamel samples from the early and late secretory stage, and the early maturation stage incubated with WGA, showed several distinctly reactive proteins between approximately 14-22 KD, and between 26-32 KD.
The bands near 28 and 30 lCD were not uniformly reactive and appeared to be composed ofseveral proteins ( Figure  14D) . Staining was also observed near 45 and 66 KD. These bands were, however, variably present from gel to gel. In the mid maturation stage, proteins between 26-32 KD diminished significantly in staining intensity. Between 14-22 KD some of the proteins were less reactive, whereas others increased in staining ( Figure  14D ). Two glycopnoteins were now evident near and above 32 KD ( Figure   14D ). The band near 22 KD maintained relatively rntense WGA staining from the early secretory to the mid maturation stage ( Figure  14D ). Blots loaded with approximately the same amount ofprotein were generally more intensely stained with WGA than with HPA (compare Figures  14D and 14B ). The NANCI, AHLUWALIA, ZALZAL, SMITH et al., 1983; Bishop and Warshawsky, 1982; Landis and Glimchen, 1978; Boothroyd, 1964) , at least at the surface where the cytochemical reaction occurs. 
